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(15) A v.ry iJlPQrtant concludon h. ruched wo. tbat tile prlaary
advantage of int.rlac. w••• r.duction in the vi.ibility of line etructur. (b.
compar.d 635 lin•• int.rlaced witb 313.5 liOO8 progre88ive, but tbat both
sy.tem. could render about the ......patiot-.poral epoctrua of video
infonution.

Unfortunat.ly, n••rly .v.ryon. inVOlved in tb. diecue.iOll i ••n 0IIIl1CJYOO of a
company with a v.ned int.r••t in tb. outc_. Por ....1., tbe .l.pane..
e~idently .till hop. that 1135/60 will be tb•
.ul
de facto
production .tandard, .0 th.t th.ir exl.tln; linea of equ1paeDt will daain.t.
the prof••• ion.l mark.t from tb. at.rt. Tho CQlpUter~.., intoroata .r.
l1kewh. obviou.. They are inter.n.d ulnly ia intenper.bUlty.

In the ATTC te.t., the two int.rl.ced ay.t... bad .1ltbtly hlgber aubjectiv.
qu.lity th.n the two progre.dv. ay.t••, exe:.pt OIl • c:c-.utor-...-rated
sequence in which the .cor•• _r. rweraed. 'ftle profr.-lve PI~. cla1.
that the trouble we. th.t the progr...iYe c.-. tblt t.-.r ....... inferior
to the Sony int.rl.c.d camera, which uy _11 be true.

Involving .. it doe. perceptual cm.ideratim., c-era 8Dd diapl.y toclmology
(now and in the futur.), po••ibl. effeet. on ~""iOll ratio, and in tb.
ab.enc. of d.finitive t ••t., it i. v.ry difficult to pr..-nt .n analy.i. tb.t
is both convincing .nd unbia.ed. I .ha1l try.

.ul
How Interl.ce Work.

The prim.ry adv.nt.g•• u.ually a••ociated witb interlace (el.rke'.
conclu.ion•• abov., ar. quit. novel) c.n be thougbt of fraa two differeat
point. of view. For. given bandwidth, interl.ce, if It wna perfectly,
.ith.r doubl•• the v.rtica1 r..olution or it ~l.. tile 1.,....,.. flicker
rat•• depending on the .c.n par..et.r.. In fact, in aeit~ of t~ effeet.
doe. it work v.ry _11 except at very low diaplay britbtnoe.. Long .go, Brown
(16) found th.t th•••
hoped-for f.ctors of l depended on brigbtne•••nd wore 0Il11 .bout 1.1 at
typic.l di.pl.y brightn.... In addition, interl.ced di,laya .,. aubject to
int.r1ine flick.r and produc. quite noticeab~ .li••i.. D tile~ of
movement, Why then ha. int.rlace been u.ed for eo long' WIly b•• it been
abandoned for comput.r di.p1.y.?

Interline flicker i. not very trouble.- In today'. tv prlaarily bee.u..
int.rl.c.d c.aara., both tube and .olid .t.te, baYe very poor vertic.l
resolution due to the fact that the integratiOll ti.. per ..-ple i. me field
tim. and not on. frame tim•. ,,·
• (f
,"Thi. "defect" of interlaced c...r•• actu.lly ia .....ti.l to ..ke tbe
picture••t all acceptabl.. If the integratiOll t~ at eacb ..-ple point wore
one full frame rather than one fi.ld, then object. in borilmtal aotim would
show ••rrated vertical edg••.
. ) f
Thu. the light input to two .djacent .can lin.. in tho fr...
i. aver.ged in the ca...ra,
cau.ing vertical blur. If the video inforution actuelly baa full Yertic.1
re.olution .. 111l1ited only by the nlDber of linea/fra.., than interline
flick.r occurs in all d.tail.d aru. of the iuga. 'ftae acan linee do not bave
to be re.olved eith.r by the eye or the CRT for tbi. flicker to be viaible.
As long .. the
.ul
horizontal
extent of the d.tail on .dj.cent linea i. both vi.ible and different,
interline flick.r occur••t tbe fr... r.t.. !fpical picturea fraa a l ...r
.c.nner, for .xampl., flick.r un.cceptably ~on diapl..,ad on an interl.ced
monitor. An ext rem. ex.mpl. i•• picture witb alt.rnate b1.ck .nd ~it.

11n••.
.ul
The vast majority Qf TV people have nev.r .oan tbl••ffect.
During a period when my MIT laboratory had a sony cOlltr.ct, I .howed thi. to
dozens of Sony engineer.

ualll9 l ••er-.c.med iuge••
None of t~ bad _ the .ffect prsvioualy. They
generally thougbt that th.r. was ....tbing wrong with the monitor. We later
b.d .n even .ore convincing ~.tr.tion
u.ing a ll.er-.canned iug. of • doll.r
bill, displayed on botb interlaced .nd nonint.rlac.d
_itore. we.bowed it to buMlroda of
viaitor., Ind it ••• aurpri.. to w.ry on., without exception.

Anotlaer flav in .ucb of the ana1yai. i. tbe •••uaption th.t the vertical
reao1ution of. c...r.·dependl prim.ri1y on the bum di••et.r and i.
indlpondent of tbe .c.n forut. (171 Th. equilibriulll di.ch.rge of
a c.-a target i. a nonlinear proc... , tbe .ffectiv••pot .iz••nd .hape
depend OIl the loc.1 iuge intonalty aMI the correaponding .lIIOWIt of charge.
Except at very bigh brightn..., •• tb. be.. _ .. down tb. c._ra target,
di.eharge 11 pri..rUy .ffected by tb. 1.ading .nd lower edg•• of tbe buill. A
gi... c-er. typically baa aubetlnti.l1y higher vertic.l r.solution witb
prograaaiYe acamint than it ba. witb interlac.. Th. limiting YerUcd
f~ r-..aa-o, (~ich Cln, of COW''', be 1... for inferior tubell for
iugee of fUll dynamic rang., i ••iaply the nuaber of '.c.n line. per
.u1
field.
Tbia reduc•• tb. resolution when interl.c. i. u••d, .nd this i. why we .e.
1itt1. inter1in. f1ick.r in NTSC .nd PAL. .

A point often aade by inter1ac. entbu.i••t. i. tb.t progr...iv. di.pl.y. ar•
only bett.r beelU.. they haYe tvic. the bandwidth. They alao .tat. th.t a
progrea.l.. c...r. vith the .... r.aolution a••n int.r1.ced c...ra i. much
l ..a .-naitive bec.us. tb. extra bandwidtb r••ult. in lIor. noi••.
By reeolution, tb-r ...n tb. number of ..aple./fra••, the progre••iv. camera
b.ving tvic. the bandwidth beeau•• it h.a double the fr••• r.t•.

Of cout'.., ca_ra•••t be cCl8lpllred at the .a_ blndwidth. I b.ll.v. that the
proper CCI8IplIriaon would be bet_ t_ c...r•• vitb the .... nu.b.r of .c.n
linea/fra...MI the a.....rtlcal .can frequency. Th. progr••• ive ca_ra
would u.. quincun...apling preceded by a di.aond-.haped .patial filter, .0
that botb aignal. would blv. tb mple r.te .nd b.ndwidth. (Th.
interlaced aigne1 could be derived frca the .... c...ra if .It.rnat. 11ne. on
a1terftat. fie1da ..r. di.carded aft.r proce••ing by a di...nd-.haped
verlica1-t-.pora1 filter. Thi. would reduce tb. vertic.l-tempor.l .lia.ing
c_1y _ today.) Th. oan.itiviti•• would now be .uch clos.r. Rec.ll
that the fuftdaaental U.it.tion on ca..r••en.itlvlty i. the nwaber of photon.
per picture .l_t. TWo ayat_ tb.t u•• diff.rent .c.n p.ttem. but h.v.
tbe .... picture-.l.ont r.te b.v. tb..... limiting .en.itivity.

I think it reaaonab1e to .aauae that, in the futur., ca..r•• will iaprov. with
raapact to vertic.1 reao1ution. Th.r. c.rtainly will be MUch more u.e of
cc.put.r-generated iaagery, whicb doe. not bave the li.lt.tion. c.u.ed by
c..-r. pby.ica. In view of the better int.roper.bility of progr•••iv.ly
.caDDOd ay.t... Ind beeau.. of the .bsence of tb. int.rlace .rtifact. r.ferred
to aboVe, I tbink progr...iv••c.n i. the cl••r choic. for future .y.t....
Received. frca Kodak.COM (kod.kr .kodak.ccal by JUUrOOlll.itc .kod.k .COlll with SMTP id M1481

(S.6Sc/IDA-l ••••), lun, 17 OCt 19'3 16.05.53 -0.00
Rec.ived. frae FlRNlMOR1H.MIT.EDU by Kodak.COM (5.61'/3.1-E••tm.n Kodak)

ld AA06202, IUD, 17 OCt " 16.07 ••5 -0.00
Rec.ived. by flrnaworth ••it.edu (5.S7/U1tri.3.0~CI

i4 AAOJ04', 'un, 17 OCt '3 16,04••Z -0.00
Received. by i......it.edu (4.1/IMI-4.0)

id Ml.1." IUD, 17 OCt '3 16.0•• 03 EDT
D.t•• sun, 17 OCt 9' 16.04.0Z EDT
Fraa. vfeeiuga.mit.edu (WUlil. Scbr.iber)
Meaaaga-Id. c.31017Z004.AA1.5.'.iuge.mit.edu>
Tot hierarc:hyUlrnawrtbtkodakr •kodak .cae
I\Ibject. Error in the Ie paper
CCt ~nningti..g••mit.edu, wf••iaag••mit.edu
ltatu•• R

For I:bon of you who rec.ived • copy of lIy EC report, please not the
folll:lVill9'
ec.rror
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Correction of an error in my EC report

Zenith has called .y attention to an error in ~i.1DI their
VSB channel-coding ayst_. On page 40. the lut ...n ..... in the
section 'The Terrestrial Channel' should read a. foll~.

'Three of the syst... , as teated, uMd quadratun ..Ut" MdulaUon
(ot-H) while the ATTIZenith ayst_ uMd _U.l.l-.1....... Mdul.Uon and
employed a pilot carrier at the edge of the to facll1t.te
synchronization at the receiver. The QAM -.ret t~11. coding
and R..d-SolOlllOn FEC, while the VS••y.t. u..s 801_ nc only.
Syste.s under coneideration by the AIUanee Include t·"" It 1_1.,.
6-VSB (6 levels with trellia coding), •••. (the reat of the paragraph
is unchanged.)'

In view of the above, the phrase "rather pecullar" in the ia.t line
of Section 4 on page 21 should be eliminated.

Another correspondent has challenged II)' etat~ ....... at tlult adaption
of the Alliance syatem aa HPEG2 (or vice ver.a, .auld ~,. giving up
possible royalties by GA membere on the .ource-codi.. algoritla. He
pointed out that ISO only require. that ror.lti.. tlat ..-t he paid to
practice an ISO standard be r..sonable. 1tlat lIllY w11 .. tru••
Considering the i_en.. effort put into MPEG by MD)' groupe. I seriously
doubt whether MPEG itself would welcome 8 la.t-a1~te awltch that
requires payment of royalti.s to GA m_bers.

:
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AU of the _upl.. noted .bove can eaally be included under the
rubric of National Inforastian Infra.tructure. Indeed, the Internet
h...... cons1dered part ever .ince the tera _. coined. The logical
foll~Oft thought 1. th.t the advanced digital televi.ion .tandard.
developaant .bould advance, coapla.ent, and lever.ge the.e
layered architecture .t.ndard. r.ther th.n duplic.te and reinvent
thea.

the Orand AUi_ .,....1 with a yl_
NY c-.nt. in t~l. lettv 8IIIdnn this

To: Robert S.nder.on, KOd.k, Ch.ir of FCC ATV Interaperab111ty
Review Board,

Mike Liebhold, Apple Computer, Vice Chair
Sranko Garovac, Digital Equi~nt CorporatiCID, lIcrItary

I h.ve been ••ked to look .t
to network interoper.bility.
reepect.

I h.ve .een .ome of the di.cu••ion regarding i.sues 11k.
di.play foraat, diepl.y fr._ r.te, interlace~ pr..~l.. acen,
etc. I do not intend to c__t on the.. 1 to not. tbat
the di.cu.eion ..... to ai•• ~ central i __ 01 lDteraper~lllty

out.ide the exclu.ive entert.i~t televi.iCID dalain. .
I find the propo••ls .nent on two fu~tal point. tbat will

seriou.ly inhibit interoperability if they are DOt eddr..-ed. Th..e
two point. are.

1. Non-.upport for interactivity.
2. Inability to .hare the ..dia.

Received, frem Kodak.COM (kOd.kr.kodak.coa) by aailroo..itc.kCldak.eoa with 8MTP id AA12401a. a local ar.. n8tworking technology .nd at.ndard that allow.
(5.65ctiDA-l.4.4 for <robart.eitc.KOdak.COM», ..t, l' OCt 1tt3 14.51.16 -0400 bandwidth r..ervationa (.ynchronou••ervice) auit.ble for full

Received: frem np•. n.vy.mil by Kodak.COM (5.'1./2.1-1a.~n Kodak) ~ion audio .nd video delivery.
id AA28941, S.t. 16 Oct 93 14.52.56 -0400 c. Davelopaent of protocol. auch a. expre•• Tr.n.fer

Received: frem budden .••. np•. n.vy ••il by np••navy.ail (4.1/IMI-4.1) Protocol (XTP), • next-gener.tion tr.n.fer l.yer (Tr.n.port • Network
id AA15664, S.t, 16 Oct 93 11.43.44 PDT layer.) protocol auit.ble for v.riou. qu.lity of .ervice requirement•.

Message-Id, <9310161843.AA15664Inp•.n.vy.ail> Exa.,le. of the...re.
To. gerovaclrdv.x.enet.dec .coa, anllapple.nOlSC.an, roIIertatltC.kodak .eoa 1. Electronic _ ••ag.. and file transfera where
c~: hierarchylf.rn.worth.mit.edu, interlfarnaworth.ait.edu reliable delivery i. needed and the deteraini.tic ch.racteri.tic. th.t
Subject. Interoper.bility of next gener.tion televi.ion with network. attend full ~ion .re traded off to g.in error protection.
Date: Sat, 16 Oct 1993 11.51.29 -0100 ii. ,.l..etry application. where data i. rapidly
From: Rex Buddenberg <buddenibudden.np•.navy.aib refre.hed, recovery of errored _ ••ag.. h un_rranted as the data
Status: R i. quickly refr..hed.

iii. £ntertai~t video application. which
r...ble the tel_try probl••

Iv. High prechion iaagary where latency is not an
i ••ue but quality i.. 'iailar to i. above.

v. "leconferenc:ing Wiere the toUI network
capacity i. Uaited and _t be aUocated acros. the video, audio .nd
underlying data aupport requir_U on a dyn..ic ba.is.

d. I:xten.lon of the electronic un protocols to the Multi­
..sia Internet Mlil I:xt••iona (NfME) .tandard that permit.
aultlpl. data cClDtent types to be included in e-aall _ ••ag... The.e
eCifttent types ..,licitly include audio and video.

e. A variety of ~ial application., c~ly
t_ a. \JI'auplMre, t.hat cc.bine various foraa of aedis to
aupport colla~rative effort. by r.otely located people.

I fail to f1nd any accoaodat1on or even the ab11ity to accomodate
any of th..e technolog1.. with1n the propoaed .tandard•.

Subject. Interoper.bility of next generat10n telewi.1CID wtt~ DetWDrta

Wh.t i. wrong with the Orand Alliance propo.al.?

The Orand All1ance lnteroperability Overview briefing contain••
• lida w1th four protocol .tack.. TtIe.. protocol .t.ck. illu.tr.te
InteracUv1ty .nd .hared Mdh ahortcoaing. 1n teras of protocol
f\ftCtion oai••1on.. TtIe th1rd one. titled "Interactive E'T', looks like
this (.nd a.ted with the previous alide titled Layered Architecture) :

Modulation Phy.ical

Se.alon

Pre.entation

ISO Reference

Link

Tran.port

Network

Application

PI-WP4 Reference
Model

Protocol Stack

Video Packet

Application

'l'ranawitch

B-Ispl/lClNE'l'

end quo~e

ATM Transport

Qbote.
Interactive EfoT

Model
Protocol 'Uck

QA Picture Forast. P1cture 'oraat
'I'eaporal COIIP
SpaUal Coap

CA/NPIC-2 coapr... Code

Why are the.e two point. important? ~
I. Entartalrwent bro.dc••t is only ODe u.. of telewi.1on (or

multi-media). To be .ucce••ful. the .....t.nda.... ~t be uMd 1n,
for ex.mple, videoconferencing .nd groupware. Thle i. an
.pplic.tion th.t daasnd. video, vo1ce and data tr..fer aperaUCID••

2. In the future, wh.t _ today c.ll tel_i.ICID, tel..... and
network .ervice••hould ba delivered to the -.- .., a .lagl. 'local
loop' •• we c.nnot afford the wa.taful duplicetian 01 iDIraatructure
development that non-interoper.bility would require.

The pre..nt propo••l., •••hClMl to _, .ppear to be written eol.ly
frca the point of view of televialon broadcuUIII lD tbe "., and UIF
b.nd. which h•• hi.toric.lly been an enviraml8Dt~ tbe
bro.dca.ter ha. aole tr.nsmit uae of hi. frequeacr ...i...-nt in a
licen.ed ar... TtIh aa8UlllPtion is h1ghly lI' t1_Me la tbe future.

1. Traditional terre.trhl broadc.st ba jo1nell .., cebl.
.ncl .atellite deUvery. Both of the" ..sia illlt potential. for
interactivity .nd indeed are u.ed interactively DOW in at l ..at .aas
situation•.

2. Many networking developaent. are underway today tbat
will allow Multi·..clia (integrated video, audio and data. In
networking environaent. that .re inherently interactive. (MIONE
on the Internet i. an example). A few of theM~~.
include.

• . Development of Aeynchronou. Tr.nsfer Ibte (A'l'IQ
as a cell .witching technology .nd .tandard for wide area networking
land po.s1bly local .rea networking) th.t i. cepabl. of _illl the
determini.tic delivery requireaenta for full aDtian data at~
such as .udio .nd video. Indeed, one of the U". A'ftC AIlPliceUon
Layer. ha••pecifically been .et .aide for delivery of the ver1able bit
rate data that compre••ed video rapre.ent ••

b. Development of Fiber Data Di.tributed Interface (FOOI)
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Both the ·Inter.ctive E'T' .nd the 'PI-WP. Refo~ ~l Protocol'
• tacke cont.in error•• mo.tly of o-i••ian. witb reepect to tbo 110
Ref.rence Model. The.e o-ieeion. include the protOCOl.
nec••••ry to .upport interact1vity .nd .h.red ...u.. "
perv••ive error ..... rooted in different deflnltl... for tbe tara
'tran.port·. The networking cc.amity u... tile _UIl1U. of
tr.n.port •• it i ••t.ted in the ISO Referenc. ~l. roll••l.
cCf\n.ctlon e.t.bli••ent .nd ..inten.ne.. t'bo _fuel. __
when .ither GAIMPEQ-~ or ATN i. t.ggod with tile tara 'tnaaport'.
In both e..... this i ••n incorrect u.. of the tara and e.uae. ..voral
deriv.tive error••

--> The mo.t iMpOrt.nt .rror occur. When the ....1_,
Tran.port ••nd Network function. get aaitted fraa tlto Iateractive
E'T .tack. Th••t.ck .hould look like thi••

fbi. i., In .ffect, .n Interf.c. definition bot~ tho Pr•••nt.tion
and DIIt. link Lay.re. 'nIi. generation of a hardwired int.rf.c•
botwen Prooentatlon Layer function. and Dllta link Lay.r protocols
axclUdH any poulbllity of ineerting tho Tran.port .nd N.twork
protocol data unite -- th..e protocols c.nnot be .dded in lat.r.
Irr8trl...ble aal••ion of tho.. protocol. would pr.clud.
i~l..-nt.tion of thl. protocol .tack over .ny portion. of the
IntorMt that 40 1IIpl_t th..e protocols _. tot.l lack of
intorapor.bility with any exi.ting or pl.nned Intern.t.

" gratultou. error in tbe illuatration i. the d••cription
of tb. 110 Ref.rane. MOdal •• a protocol .tack. Th. R.f.r.nce
IIoclol i. an abatract description••nd l.y.ring. of networking
functiona. '!'bere .r.....ral protocol .uit.. that have been
built u.ing tho Ref.renc. Model a. a patt.rn.

Application Application

GA Picture Format. Pr•••nt.tion
GA/MPEG-2 compr•••

Interactive E'T
Mod.l

S•••ion protocol

ISO Referenc.

Se•• ion

Rec~tlon. -- I .ugg..t two.
1. .tructur. tho tel..i.ion .tlndard. in I lay.red .rchitecture

that i ••iailar to and cognizant of the protocol Irchitectur. in the
Internet.

2. "'t iapl..ent.tion.. In particular .0Me t ••ting .hould be
perforae4 over int.ractiv. pack.t-.witched n.twork•.

Reccaaend.tion 1 in more detail,

Tranaport protocol Tran.port Interactive £itT' ISO R.f.renc.

Network protocol

A'l14 Tranllport

B-ISDN/SONET

N.twork

Link

PhYllical

Application

GA Picture FOc.at.
GA/IIPIlD-2 ca-pr...

....ion protocol

Model

AppUcation

Preaentation

I •••ion

·picked bee.u.. it'. the on. cloa..t to being ..lvagable.

'nIe protocol .tack••hould look like the illustr.tion abov•.
a. Application.nd Pre_tat ion Layers. Th. payload for..t

for t.l..lillon delivery should ba converged .nd reconciled with the
MIME standard lIntemat RFC 1"1). Flilur. to do thla will not
fat.llI wound interoporability, but it will ..k. lntegration between
virtua tarainal televi.ion and ••••11 t.levi.lon aor. difficult.
True ..ltia04ia integr.tion of voice. video and t.xt will be harder to
r..lize.

b. •...ion Layera. Proviaion .hould be ..de for negotiation of
quality of "IYice (001) para..t.ra. Thla negotiation ia bet_en the
applic.tion (or progr..) .nd the underlying ao4ia. Diff.rent
application. have different requireaant.. Si.il.rly. different lIIedia
.nd low lev.l protocol. h.v. different capabiliti... Th••e Qos
par...er••lIould not be hard-wired into ••tandard, doing .0
inhibit...ten.ibillty.

one exporlaent.l eatup -.ploy. Partially Error Controlled
conDOCtiona (PICe) -- • QoI regi.. that lay. ov.r the transport l.yer
and under the applic.tion lay.r (including cClllpr••aion) .

Dovol~t of leaalon Layer protocola ..y not be ..tur.
enoupb that ..rly tel..i.ion i~l-.ent.tion.would actu.lly u••
ona. lilt prov1aion _t be aode for later in..rtlon •• thor. la
a clear noa4 for thi.· functionality.,

Tran.port. Non. of the protocol wit.. illuatr.ted provldN any
lII..n. to perfora the reUable delivery funet.......r1.... 1ft tlto
Tr.n.port lay.r of the ISO R.ferenee Model. In. ~lly DDD­
interlctiv••ch.... this i. underat.ndable. but t~ i. DO aeane to
control the .nd-to-end .rror environaent Whore lntorectlvlty dDee
.xi.t in the und.rlying aedil.

Th. GA pr••entation point. to the 1011 bit .rror rat_ In
phy.ical _dia (.uch •• the fiber optic cable Il8ed 1. 1'11»1). fbi.
ma.k. the r..l probl.. th.t will .ppe.r in ,,~ awltebod DOtWDtk.,
the aor. prev.lent .rror. will occur When tWD eoll. colli_ at a
Banyan switch node in .n ATN awitch C.u.l, .t l...t GDO of tbe
cell. to be thrown aWlY .ntir.ly. ('nIere • a .ueb 1... _.~tial
error .howing on this .lide, FDDI oper.te••t 125. baud and 1 •
bit II per .econd.)

Network. I ... no _an. in any of the propoaed protocol alack. to
iapl...nt multic••ting or .v.n unica.ting. 'nIi. i •• NltWDtk Layer
function.

Mo.t iaportantly, there .ppear. to be no ~y to cODCIteaato
multiple .ubnet. into .n int.rn.twork -- • core function of tbe
protocol. (.uch a. Intern.t Protocol) th.t operate at tbe NltWDrk
layer.

Secondarily, if the t.leviaion indu.try hapea to lleve ade/:Jlate
security gained by not 681iv.ring progra..ing to non-paying
customer., a multica.ting (vic. broadca.ting) capability 1. need8d.

S••sion. I ... no _an. of negoti.ting quality of "IYic. (QoI)
between the application and the und.rlying caa.unicati06a
network. Thi. i. I S•••ion Layer function.

omi.llion of thr.. l.y.r. in a protocol .t.ck ~ld not be
irretrievably harmful except th.t the GA bri.flng later daecriboa •
mapping of a 188 ~te Video p.yload p.cket into four ",. coll••

XTP I 'l"CP or tlDP

XTP I IP

A'nI Tran.port

1-I IDN/IIClIIET

Tr.n.port

Net_rk

Llnk

Phyaical



c. Tranaport Lay.re. 'nla 'r...ntat1on LeyeI' fuDcU.. c••••
MPEG-2. JPEG) ehould hava Tran.port Lalar InterraeM Ylee tJlia
.xi.ting att..pt at a Data link Leyar nterf... ~. will r.-tora tba
ability to includ. the ~itted protocola and wiU at 1_ ......". tba
option. of int.ractivity and .h.rad .adla l..-n If DOt ~l.-eDtad
or available in .ca. implement.tlon.,.

d. N.twork Lay.r. Unica.t ing .....t be III.Ipportad 01' fC'II h.".
no Int.roperability with r••pet to nat_rk., 1al1UCMtllll _t be
copaider.d a n.c.e.ity with t.laconfarenc:ln, .nd ~tertal-..at

applicatione. Again, multlca.tln, ..y not be ~lred iD aD iDltl.l
implem.ntatlon, but you need tha exten.lbillty to add It later.

a. Data link Lay.r. Th.ra ara .any otller protocol. evan.bl.
for 1.1•• at thie, and tha Physical, layar. But .lace all caa iDt_faea
to the Network' layar, _helon frca tha lUuetr.tlon 1. DOt a'error,
certainly not an lrr.travabl. ona. In otller _fda. If .. caD ask.
thing. work with ATM, va can maka It _rk with with tba reat.

Int.rn.t RFC 1453 by Willia. Chi.lak cont.1Da a .are ca.p1at.
survey of n.twork, traneport and ••••10n lay.r 1• .uea. .

Oct l' 10.33 1993 'ag. 3 1
I

Recommendation 2 in more detail.
Tha Internet cOlNllunity haa be.n v.ry lll.lee_lul with it.

poliCy of advancing protocols to the .t.tue of ........ _ly arter
multiple, daaonstrably interoperabl., 1..1..-atat~~ ....
buUt. Your .tandard.-Mting .Uort IIbClUld do t'" _. 1_1....
thi., at a minieue, a......ur. of .ffactl...... 1a t'" teatlDg,'

''nl. interoper.bility should be ~.tr.tad~ • t.t..t.lon
data .tr... being pa"ed ovar a nat_rk that 1••1ao ,..lDg otJliar
data (.uch a••-••U and fUa tr.nefer.l. ..ell data __ .lloU1d be
identifiable a. a di.cret. Transport layer loglcal coaDeCt1on."

Thh ..aeure of .ffetivana•••hoUld ~trat. both
operation in an intaractlva anvlr~t and abUlty to ....ra the
madium.

I hop. this a••••ement h.lp. your leportant work.

Sinc.r.ly,

R.x A Buddenberg

Per.onal background. I work a. a consultant In Inf~tlon -vst...
and I teach n.tworking at the rstgraduat. 1..-1. 1 partlcipated 1n
the SM'TE Ta.k Forc. on Digita Iaage Archltactu~a. I .... no
affiliation with any of the Grand Allianc. prapon.nt.. !be foregoing
comment. ar. wholly my own.
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October 18. 1993

To: Roben Sanderson. Kodak, Chair of FCC ATV Interoperability Review Board
& Mike Liebhold, Apple Computer, Vice Chair
cc: Branko Gerovac, Digital Equipment. Secretary
From: Craig J. Birkmaier (PCUBED)
Re: ACATS Interoperability Review

As a participant in the PS/WP4 process, I have been following the current work of
the ACATS with great interest. As you are aware, PS/WP4 identified many critical
issues to guide ACATS in the selection ofan interoperableDigital Advanced
Television (DA1V) system for North America. It is evident that the PS/WP4 report
was influential in the choice ofsystem parameters by the Grand Alliance, .
announced in May of 1993.

In spite of these well intentioned attempts to address the issues of
interoperabUity by tbe Grand Alliance, serious questions about the design of the GA
system have been raised witbin the ACATS review process and by observers oftbe
process. Many ofthose who attended the meeting oftbe Technical Subgroup of
the FCC AdVisory Committee on Advanced Television service in Washington, June
30th and July 1st, including myself, were concerned about the faBure of the
Technical Subgroup to address these issues. As a result the ATV InteroperabUity
Review Board was created.

My name was submitted for participation on this panel, as an expert in the
integration of television, computer and communication technologies. As a
technology consultant, Iwode with companies that are integrating these
technologies and write about this rapidly evolving field for several television
industry publications. I have been told that I was not included in this process
because ofpotential conftiets between thework oftbe panel and my role with the
press. a positionwhich I understand and respect.

Since the panel included many individualswho bad not been heard from in
previous ACATS and PSIWP4 reviews, I choose not to malce a submission to the
InteroperabBity ReviewBoard prior to the meetings October 6th and 7th. I felt it
was more Important for you to hear from these indMduals than to review the
positions and reports that I submitted to the PS/WP4 worlclng group.

Because ofother commitments, Iwas not able to attend the October 6th and 7th
meetings in Washington. However, I bave discussed the proceeding with more
than a dozen individuals who were in attendance and I have received a copy of tbe
draft report oftbe Interoperability Review Panel distributed by the Chairman,
October 14th.

In reviewing this draft, it is abundantly clear that the panel was unable to resolve
many of the issues it was empowered to investigate. Furthermore, I find it
impossible to reconcile many of the "draft" findings ofthe panel \'\Iith the
testimony that was provided during the meetings and with the information
provided to ACATS over the long history of this process.

I have therefore chosen to make this submission to the Interoperability Review
Panel. to comment on the draft report. and register in the public record my
objections to the current Grand Alliance proposal for DATIl in North America.
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This submission is divided into three sections:

1. General Comments and Requirements for Interoperability
2. Specific Comments About the Interoperability Review Panel Draft Report
3. Proposals for a DATVTransmission Standard Compatible with the Emerging

National Information Infrastructure

section 1 - General Comments and Requirements for InteroperablDty

The AlV selection process began almost a decade ago, at a time when the
perceived requirements for an advanced television broadcast system were far
different than today's realities. A moving target creates a dilemma for everyone
involved in the process: how to be fair to those participants who made significant
investments to develop systems that comply with the original requirements, while
acknowledging the rapidly evolving landscape ofdigital communications
technology.

To resolve this dilemma, a Technical SUbgroup was formed with ACATS to
review and recommend modifications to the DAlV proposal submitted by the
Grand Alliance. The Interoperability Review Panel is an extension of this review
process. As an observer of thIs review process, this approach can only be
considered to have reached a successful conclusion when the needs ofall affected
stakeholders in the ATV decision have been heard and an attempt has been made
to accommodate their requiremen.ts. It is clear from the draft report that this is not
yet the case.

Significant objections to the GrandAlliance proposal were raised by many
affected stakeholders during the Interoperabllity Review meetings, yet these
positions are not reflected in the report Instead, the report avoids the resolution of
certain Issues by stating that the advocates ofpolarized positions cannot reach
consensus. Avoiding the resolution ofcritlcallssues at this time can only lead to
problems In the future. The Grand Alliance risks the possibility ofdeveloping a
system that may not be approved by the FCC, or pursuing an approach that may be
rendered obsolete by other government initiatives. And the ACATS process is left
open to substantial criticism that the needs ofall stakeholder communities were
not considered, and appropriate modifications made to the proposed AlV system

A member ofthe Joint Experts Group on Interoperabntty, Michael Haley,
employs a helpful technique to make participants involved in the meetings he
runs, worle through stalemates by analyzing problems from a different perspective.
Haley will say: "Let's look at this issue from the 100,000 foot level. It Perhaps it may
be worth a few paragraphs to take a look at the AlV process from 100,000 feet.
From this altitude it is possible to see what is happening with HDlV in Japan and
Europe, to examine the emerging global communications infrastructure, and
observe developments in digital television across the entire landscape.

What one immediately notices from this level is the difficult path that lies
between the GA proposal and successful implementation of the DAlV standard:

• Very high start up costs that must be supported by a broadcast industry that
faces many forms of new competition and flat or declining revenues.

• Very high initial purchase costs for DATV receivers combined with limited
access to programming while broadcasters decide if they will support the
DAlV standard and build the required transmission infrastructure.
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• Avariety of new competitors that will employ digital technology (MPEG 2) to
offer enhanced programming services--programming on demand, interactivity
and advanced telecommunications services--to the consumer.

• A business and institutional community that is willing to invest in new
technologies to build the National Information Infrastructure and use it to
improve productivity, the delivery of services, and life long education.

• Aglaring lack of features in the DA1V standard to allow broadcasters to
compete with other entertainment and information providers. These include
an interactive response mechanism, demand based services, and a guaranteed
delivery infrastructure for highly detailed visual information.

• Most obvious from this perspective are the incompatibilities of the system
design with the emerging Global Information Infrastructure.

It is hard to reconcile the fact that the Grand Alliance and the ACATS process
have left so much on the table for other industries to take advantage of. From
100,000 feet it is obvious that the next advance in visual communications is the
addition ofnavigation, choice, interactivity and collaboration. One must question
why this vision is absent from the AlV process?

section 2 - Speclflc Comments About the Interopenbillty Review Panel Draft
Report

Regarding "Assessment of the GA Proposal vs. PS/WP4 Recommendations"
Item 3. Transmission ofthe signal In progressive scan format· this is an

absolutely essential requirement of the system. Imagery must be prepared for
the lowest common denominator ofthe system. An Interlaced transmission
format wlll force program producen to limit the resolution ofthe content to
this lowest common denominator. Progressive transmission sets a higher
performance standard·- a level ofperformance required by many stalceholder
communities, essential for most NIl applications, and the long term target
established by the GrandAlllance, ATSC and ACATS Technical Subgroup.

Item 5. Viewer transparent channel fe-allocation. The minimum acceptable
level ofperformance for the DAlV system should be defined from the outset.
It would be hlgbly desirable for this performance level to match the
resolution ofexisting NTSC recelven. I wlIl provide more detallin the final
section ofthis submission.

Item 6. Ablllty to Implement lower performance low-cost AlV receiven. This
should be the initial goal of tbe system to s~ulatedemand and belp
establish the service. America cannot walt 15 years for an affordable
replacement for NTSC. If the television industry does not respond to this
need, it is highly likely that other industries will provide the commercial and
consumer interfaces to the NIl, placing the success of the DAlV standard in
jeopardy.

Item 10. Compatibility to relevant international standards... It is inconceivable
that a DAlV receiver would not support MPEG II. On the other hand it would
be highly restrictive to limit the system architecture to our current vision of
digital encoding. The receiver should be designed to be extensible to new
standards and delivery infrastructures with both higher and lower
bandwidths.
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New Criteria
Item 12. Compressed domain switching and insertions in data stream. This is a

critical feature ofthe system and the specifications must be resolved so that
this feature can be incorporated in the system for testing.

Item 13. Overlay plane. An overlay plane in the receiver is an essential
requirement for the stated objectives (station 10 and alert messages), and for a
variety ofsystem features that have been given little attention. An overlay
plane will be invaluable for the insertion ofcommercial tags localiZed to the
address of the receiver; for the insertion of text for closed captioning and
second language captions; for interactive entertainment and educational
programs; and for the synthesis in the receiver ofappropriate displays from
ancillary data. Local synthesis will also enhanced the capabiJityofvideo
printers connected to receiver--a feature just announced for the Time-Warner
FuJI Service Network in Orlando. It is not necessary to specify the standard for
a receiver overlay plane--only how to encapsulate the data. Receiver
manufacturers can decide what level ofgraphics performance to include in
the decoder. Asimple receiver might offer limited fonts and colors, while a
more sophisticated receiver could display virtually any text, grapbic or
document using a more sophisticated graphics engine and a document
interchange standard (e.g. theAdobe Acrobat Portable Document Format).

Regarding "Context (for ATV --- NIl considerations)." I find a profound lack of
reality in this section.

..AlV is happening: digital HDTV, digital SDTV..." This is wishful thinking. There
Is not a single digital HDTV system on the air anywhere in the world; analog
HDlV systems have been a commercial fallure. The tecbnology for Digital
HDlV has been demonstrated, but a successful economic model bas yet to
emerge.

What IS starting to bappen Is Digital Television. Products exist and are being
used today at the level ofQuickTime and Video for Windows on PC's. By the
end ofthis year there will be more than 4 million PC's equipped with a CD ­
ROM and the necessary software to deliver motion video. Dedicated
vldeoconferencing systems using switched 56 service are available and
desktop videoconferenclng systems using Ethernet and standard telepbone
lines are now reaching the market Digital nonlinear editing systems are being
used to edit episodic programming and fea.ture mms. Early next year MPEG
will be commercialized in Direct Broadcast'Satellite and interactive digital
cable systems.

"NIl is happening: Internet. conferencing radio... " Ifyou are reading this report,
chances are it traveled through the Internet. It should be clear from the
meetings October 6th and 7th that the NIl is happening!

"Desire exists and will increase for universal access (to information services in
the public interest); but the market incentives are unclear." Guess whoever
wrote this has not had time to watch much 'IV lately. Seems that TCI and Bell
Atlantic have found adequate market incentives to·create a 530 billion
company to build a piece ofthe NIl. And S.W. Bell felt a 5 billion dollar
investment might help Time \Varner build out Full Service Networks. It is
estimated that this emerging information industry will invest $200 billion
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dollars on infrastructure within the next five years. Abit risky if there is no
market incentive for this investment.· .

After the TCI/Bell Atlantic announcement stocks in companies that are involved
in building components of this digital infrastructure or the production of
content took off. Cap Cities was up 41 points for the week while CBS rose 32
3/8. Even Apple stock went up 5 5/8 in spite of reporting a 97% decline in
earnings over the same quarter last year. Apparently the market incentives
are only unclear to those who would shac1cle broadcasters with a system that
may be obsolete before it can be built..or is that the point?

'. There is agreement on the goal ofNIl compatible consumer products. The
discussion is on tactics of how we get there...What design features ofATV
would foster earliest access to NIl servicesf" Perhaps I can help with this one.
How about square pixels, progressive scan, a scalable resolution hierarchy
with an entry level that everyone can afford, provisions for Interactlvlty and
complete compatibility with the wired and wireless NIl Infrastructure.

Regarding "Recurring Issues:"
Item 1. MPEG-2 Compatibility. We must be careful not to let the MPEG

bandwagon drive us into another closed standard like NTSC and PAL that will
limit extensibility for the life oftheAlV standard. MPEG is a good starting
point, but the system sbould be designed In a way to encourage rapid
evolution in the area of image encoding. Thus the transmission standard
sbould be concem~donly with howblts are radiated--modulation
specifications and the packaging ofthe data (Header/descriptors). The FCC
could establish a registry for codecs and a process for approving additions to
the registry. The system might go on the alrwith MPEG 2 and the AlV codec
with AC lealc. The solution to this problem is llexibUity in the design ofthe
decoder--an extension ofthe MPEG toolbox concept As new encoding and
decoding technologies evolve they should expand the toolbox. All previous
codecs would be supported while newhardware would add functionality. The
consumer and the manufacturer's ofthe system components would benefit
from a built in upgrade path.

Item 2. Interlace and Progressive vs. Progressive-only. I believe it Is sufficient to
state that several stalceholder communities have found interlace to be
completely unacceptable for the presentation oftheir product On the other
hand, I have never heard an advocate of intedace claim that progressive scan
is unacceptable for the presentation of thejr product--instead they complain
about the difficulty ofachieving this desirable goal and claim that the interim
use of interlace is the only practical solution...someday, they too will become
true believers in progressive scan.

I believe that the only practical solution for the universal sharing of visual
information is the common representation of this information with
orthogonal, temporally coherent samples. As with NTSC and PAL, the quality
ofthe imagery can improve as the technology evolves. Electronic image
acquisition systems have not yet evolved to take full advantage of any of the
proposed progressive scan GA formats. Today these cameras provide little
more resolution than can be displayed on a far more affordable proscan 480
or 576 line display. Meanwhile fllm provides more resolution than can be
delivered by the targetproscan format and it can be delivered at 24 and 30 Hz



~---
'..,;IV.VVI""\lvt U/II4.t

using progressive scan today. Awell designed system will accommodate a
variety of image acquisition systems, and allow improvements in electronic
acquisition and display technology to be incorporated as they are developed.

Item 3. Multiple Formats, benefit vs. cost. The benefit of multiple formats lies in
the ability to match the cost/performance requirements of an application. No
single format can handle every requirement economically. Multiple formats
have already been acknowledged by the FCC in requiring simulcast during the
transition to AT\'. The maximum benefit of multiple formats, and
interoperability, can be achieved by choosing formats that have appropriate
relationships to existing formats such as NTSC and PAL and to each other.
This will be discussed in detail in the third section of this submission.

Conversion between the formats proposed by the Grand Alliance is overly
complex due to the inclusion of the interlaced format. In addition, a scaling
engine \\till be required in every receiver to deal with the use ofboth 1.5:1and
2:1scaling factors betw"een NTSC and the proposed formats. This is likely to
increase the cost and complexity ofevery receiver.

Interoperation among formats is already a practical reality today. With scaling
engines (DVE's) and format converters. images are routinely windowed into
other images. Awindowing environment naturally lends itselfto the use of
mUltiple formats. Continued efforts to fill an entertainment display from edge
to edge are already giving way to windowing techniques. This can be
obselVed in many commercials and programs that letterbox the image and
place text outside the imagery in the throwmmy area. As the resolution of
captured imagery is increased It is much easier to scale the imagery both up
and down·-NTSC does not scale up well because it removes most ofthe high
frequency detail. Finally, many image processing and composlting programs
are nowavanable for personal computers and workstations. These programs
are resolution indepeniJent. thus the same program can be used to create a 320
x240 pixel movie for CD-ROM release or a 4k by 2k effect for a feature film.

. Workingwith multiple image formats may become one ofthe most intriguing
benefits ofa digital production system.

Item 4. Square Pixels. Multiple representations of image samples are a
significant barrier to interoperabDity. Square pixels are the common language
ofdigital Imagery and the Unguajrancaofthe Nn.

Item 5. 1080 VI. 960. 960 lines offers the significant advantage ofbeing 2X the
NTSC line rate, maldng the display ofNTSC on a 960 line receiver quite
simpte--in fact line doubling wUt remove many oftbe most objectionable
NTSC interlace artifacts. 1080 offers the a<Nantage ofa 1.5:1scaling factor
between 480. 720 and 1080--this is beneficial to a hierarchical architecture.
Unfortunately, there is no 1080 line equipment currently in existence and the
Europeans seem to prefer their own 1152 line HDlV format. There is little
support for the 16:9 aspect ratio or the 1080 x 1920 common image format
within the motion picture industry, as evidenced by the submission from the
American Society ofCinematographers and the presentation by Robert
Hummel of Disney Studios. One solution is a wider aspect ratio with 1024
lines, which will be proposed in the third section of this submission.

Item 6. Migration Path. There is no affordable display technology available
today to support the target 1080x1920xl: lX60Hz format. Support for the
common image format comes primarily from the ATSC. As mentioned above
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the motion picture industry does not support this format. Europe continues to
promote the 1152 x 2048 format due to the 2: 1 relationship with 576 line PAL.
Aworkable migration path must be defined when the system is conceived. It
cannot be added as an afterthought. This subject will be covered in the next
section.

Section 3 - Proposals for a DATV Transmission Standard Compatible with the
Emerging National Infonnation Infrastructure

Although interoperabilitywith the National Information Infrastructure is not
viewed as being critical for the success of the DATV standard by some individuals
within the ACATS process, the decision TO develop interoperable DATV formats
could have a profound impact on the 21st Century communications infrastructure.
The opportunity is at hand for the television industry to playa major role in the
development of this infrastructure, or to travel down a different path.

NTSC and PAL stimulated a process that has seen continuous improvements in
system performance for forty years...more than fifty ifwe go back to B&W.
Unfortunately many of the improvements in image acquisition and display
technology have not passed along to the consumer, due to the limitations ofthe
NTSC and PAL transmission standards. Today's broadcast cameras can produce
greater than 500 lines of both vertical and horizontal resolution but all ofthis
information cannot be transmitted.

The ReferenceStandard for video today is the VHS video cassette viewed on a 20"
to 27" Interlaced display. The delivered resolution ofthis combination is no more
than 300 x216 image samples, talcing the performance of the display and the VCR
into account (samples are subtracted to account for overscan). NTSC
transmissions approach 360 samples after overscan is subtracted. The basis for
this analysis is the maximum number ofblack to white transitions that can be
perceived by the viewer at the nominal viewing distance from the display.

The Grand Alliance proposes to raise the referencestandard to no more than
1550 x 432 samples based on the lowest common denominator 96OX1728X2: lx60Hz
format (l09L safe title is assumed). Perhaps only 1300 x 432 if a 960 x 1440
transmission format Is used. What's more, there is no guarantee that a consumer
receiver and recording system would·perform at this level. In order to make
receivers more affordable the display resolution might be limited to roughly 768 x
432 providing equivalent H &V resolution. Sucb bas been the experience with the
Japanese MUSE system--in order to provide a ID9,re affordable entry level display
(S8,000), a 27 inch receiver is now available that displays less than half ofthe
transmitted resolution.

This is probably a worst case scenario, but the worst case is typically the one
which content developers must produce for. I spend a great deal oftime training
media producers how to use computer systems to create content for video program
distribution. Using square pixel NTSC (640 x480) as the starting point I explain
that they cannot place any critical information near the edges of the screen
because of overscan, thus the useful aperture is reduced to 576 x 432. Then I
explain that all lines must be drawn in increments of two pixels to prevent
annoying flicker on an interlaced display. Actually vertical lines can be in single
pixel increments, but most graphics look distorted if the line weights are different
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for the vertical and horizontal elements of a graphic. Then I tell them about illegal
colors.

At the Interoperability Review Board meetings the concept ofa NIl reference
aperture was suggested and discussed. This concept is highly desirable for the
publishers of any kind of information and critical to the success of the NIl. Media
must be produced in a way in which it can readily be consumed--in the case of
educational applications of the NIl it should be available to everyone.

As an experienced producer of media content, I have observed that the following
criteria are critical to the success of a media delivery system:

A Knowledge of the size (in pixels) and aspect ra"tio of the minimum viewable
display area.

B. The maximum level of detail (resolution) that can be delivered without the
introduction of artifacts. Note that the word objectionable does not belong in
this discussion. The elimination of artifacts is the only standard by which
such an important initiative as the NIl can be measured. One user's
acceptable artifacts are anothers' barrier to market acceptance.

C. Afew key standards--NII Reference Standards-- are critical to the success of
the information infrastructure and will allow for both short and long tenn
content development Industries may choose to utilize a subset of these
reference standards to confonn with existing practice--e.g. different aspect
ratios and levels of information content

D. While more difficult to achieve, international standardization is highly
desirable. The ability to release media content in one format for
international distribution significantly enhances the value ofthe media and
the distribution infrastructure.

At the meeting it was suggested that 720 x 1280 should be the minimum NIl
reference. While I strongly support the concept ofone or more NIl reference
standards, it is impractical to place the minimum specification at a level that will
clearly be out of the reach of manyAmericans for perhaps a decade or more.
Because ofthis I began to explore the Issues of Image formats and compatiblllty
with the NIl from a different perspective...the view from 100,000 feet

From this perspective it is immediately obvious that the minimum NIl reference
must be based on the display capabil1ty of the millions ofNTSC receivers in use
today, and that a more capable NIl reference should be established as a primary
objective of the ATV process. Extending this logic a step further, the ATV "target"
system would represent a third NIl reference level. Thus there would be two
reference apertures for media producers to explqit immediately and the third
would be defined from the outset This third level would be attainable immediately
for the production of many ldnds of media content, thus it would have significant
value as a mastering and archival format.

After examining all of the requirements to which I have been exposed during
several years of involvement with ATV and the NIT, a new approach to these
problems has emerged. I believe that the following criteria are fundamental to the
establishment of NIl reference standards and the success ofDATV:

1. Square pixels and progressive scanning provide a common language for all
types of information and entertainment that will be carried by the NIl. These
are an essential requirements for an interoperable DATV standard, whether it
is delivered by terrestrial broadcast, cable, the telcos or packaged media.
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2. There \\lill be many venues of entertainment and information in a digital
world. No single transmission format, such as NISe, can meet the demands
of all requirements. Likewise, 110 single display format can adapt to the diverse
requirements for: passive and interactive entertainment; interactive
navigation of media servers through the NIl; local and distance collaboration
using the NIl; lifelong education and training; the production of media; and
the consumption of information and entertainment by large audiences-­
business presentations, classroom education, electronic theaters, sports bars,
and stadiums.

3. There is no technical reason that information and entertainment programs
produced to NIl reference standards cannot be viewed on all oftbe displays
that might exist to meet the requirements described in item 2. This implies
that scalability is an essential requirement of the DAlV system and that some
displays may only provide a "window" into the content that can be viewed on
a more expensive display with a larger desktop or canl/(U

4. During the transition to DAlV. existing 480 line 4:3 aspect ratio program
sources will be a critical part of the programming mix. It is highly desirable
that DAlV receivers interoperate with NTSC transmissions and the archives of
videotaped material currently owned by industry, government and
individuals. It is also highly desirable that a low cost interface to the NIl be
developed for the mUlions ofexisting NTSC receivers.

5. It is critical that NIl reference standards be created as "lowest common
denominatorsIt for the producers of media. It is likely that this will be a family
ofstandards to deal with the Nn applications described in item 2. For
example, the following reference standards might exist
Levell -information must be viewable at 576 x432 resolution properly

filtered for an interlaced NTSC receiver. lbis would guarantee no loss of
information due to overscan or impairments due to interlace artifacts. It
would also enable interoperablUtywith the low resolution displays ofa new
generation ofportable information devices being developed by the
computer and telecommunications industries.

Level 2 - information must be viewable at 1024 x512 resolution on a proscan
display or line doubled interlace display w;i.th twice the pixel resolution
(2048 x1024). This would form the baseline for an NIl capable wide screen
DAlV receiver.

Level 3 - information must be viewable at 2048 xl024 resolution on a proscan
display. This would prOVide a high quality level for the delivery of media
and a production and archival format for media that will be delivered at
Level 2.

In designing a new digital image architecture, the most important feature is the ability
to accommodate the diverse requirements of many applications and industries. There is
no way to escape the reality of 480 and 576 line formats \\lith a 4:3 aspect ratio--virtually
all existing television archives fall into one of these buckets. There is also no way to
escape the reality that the masters for many of these archives are on film, at 4:3, 1.85:1 and
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2.40:1 aspect ratios. The architecture should accommodate the transmission ofau of
these formats without the need for croppinl with pan and scan. This suggests the creation
ofan appropriate reference display witb apertures for common image fonnats--in the
computer industry this concept is called "windows."

Windowing or letterboxins on CRT's tends to be viewed as undesirable by many people
in the television Industry. However, the limitations ofCRT display technology should not
be the major criteria in designing a system that should last for the next fifty years. Rather,
we shouldacknowledge the probablUty that display technology will evolve in the direction
ofproJection and flat panels with virtually any aspect ratio. It is therefore far more logical
to develop an architecture that accommodates an appUcations and Image formats, taies
full advantage ofthe underlying digital technolOgy, and is optimized for the human
observer.

Areference aperture of2:1 offers many benefits to such an architectural approach,
matcblnl up with digital processing components and the nonna! field ofview ofthe
human oDtirver. It also provides a good compromise for the apertures of most exlstln&
imqe archtves. The wider formats throwaway a smaD portion ofthe top and bottom of
the screen, while the narrower fonnats throw awaythe sides. These throwaway areas can
be used for the display of information such as the time, channel, navigational tools, and
previews ofother channels.

It Is assumed that all pixels will be displayed since there is no need for overscanning in
a diIltal system. Onlythe displayed aperture needbe encoded and transmitted, freeing -
up tilts for Improved image qUalIty. --

Prom these requirements I have created two NU/A1V reference formats with
ap«tures for the most common sourcesof~. The Levell reference aperture
is a sub..ofLeYe12; It could also be deHverecl to NTSC displays using an external
dllltal decoder. These formats are mustratec:lln dfqrams which accompany this
submission.

A"number offnteresting compromises are made possible through the adoption
ofth.. reference formats. Asaumlnl no scallnlof the Imagery, at 480 lines, NTSC
would be 32 lines short offUling the wrdcal dimeDaiona ofthe 1024 x512 reference
display, while PAL would require an 11~ crop fnnn 516to 5121ines. This is very
dOlI to the lK overscan that most prosram producers assume for safe action and
safe title. WIth the addition ofa scaling engine many choices for ftlltng the display
are ..nabJe to the consumer.

perhaps the most interestingaspect ofthis approach Is that a slmple migradon
pathto the 2048 x 1024 proscan tarset format Is bunt in, and this path allows for the
use oflm«laced displays. Let's assume that the transm1sslon formats permit
apertures up to 1024 x512 and 2048 x 1024at 2(,'30 and 60 Hz, pr~essively
scanned. Only 2048 x 102. x60 Is Impractical for terrestrial transmIssion at this
time, an academic problem considering the fact that a display of this resolution is
only practical (affordable) for theaters, sports bars, the military and a few
professional applications.

However, a 2048 x 1024 interlaced display is achievable with today's technology.
A simple low pass ffiter will allow this display to handle the 2048 x 1024 proscan
transmissions at 24 and 30 Hz. The best part is that such a receiver can also display
the 1024 x 512 fonnats using progressive scan. Such a receiver could carry the NIl
seal ofaR~roval for the 1024 x 512 proscan reference apetture.

"""IF" a two level spatial resolution pyramid is included in the transmission
system, a 1024 x 512 proscan receiver will require only one quarter of the memory

10
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(and related processing) of the 2048 x 1024 receiver--a significant cost savinas. This
receiver would also conform to the 1024 x512 proscan NIl reference aperture.

An interlaced version of the 1024 x512 receiver could be sold for entertainment
applications, though it would not conform to the 1024 x512 NIl reference aperture.
However it would comply with the less demanding NIl reference aperture of576 x
432 properlyfiltered for Interlaced display.

In closing. I suggest that the InteroperabiJity Review Panel take another look at
their draft report and the opportunities that are being bypassed by the current
approach to DATV. Consensu.Js never achieved without cost and the compromIse
ofentrenched positions. In tbls case the long term benefits ofcollaboration on an
ATV standard are far greater than the shon term costs ofcompromise. Please take
the time to resolve these issues and set a course for the Grand Alliance, and the
future oftelevision that sel'V8& the most important stakeholder community In this
decision...yourself. your neighbors and the billions ofIndividuals who reside in our
global village.

Craig J. Birkmaier
PCUBED

,.
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REFERENCE TRANSMISSION APERTURE
2048 x 1024 - VIEWABLE PIXELS

Square Plxel- Progressive Scan - 2 MPel Memory
16xl6Plxel

HxV PIxels Aspect RatIo Macroblodcs AuUcatlon(I)lNotes

Nn Entertllnment
EducatIonReference 2(M8x1024 2:1 128x64

MedlaPubll~LevelS Vldeoc:onfennclrig

~mI..Apertures
WItIdi NU Reference Level 3

ClnemucopeClnemucope 2048 x 884 2.40:1 128x54 Rei....

Workstation Display

4:3~amMasten
& HI Resoludon

strfbutlon
8Ox60

SOx64

4:3

5:4
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1280 x 960

1280 x 1024

Hlp
Resolution

4:3

Workltadon
DIsplay

'lbeat-'C& 11leatrIc.
Nevlllon 1856 x 1024 1.85:1 116x64 'NevIIIon

FIlm PllmReleae

1121160 ~ed
1824x 1024 18:8 114x64 II 80 .1210110

.12&01&0 De.interlace=al
resample 1 ISO

I ~=r..~;'~:idPI
.J::'~ 1584 X 1024 11:17 99x64 Education

Media PubBIIdnI

" PhotoCD

PhotoCD 1538 X 1024 1.5:1 96x64 Base Imagl plus
1st enhancement

residual
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REFERENCE TRANSMISSION APERTURE
1024x 512 - VIEWABLE PIXELS

Square Plxel- Progressive Scan - .5 MPel Memory
16x 16 Pixel

HxVPlxels Aseee! Ratto Macroblocks ApEUcadon(~nNotes

Nil Entertainment
EducationReference 1024x512 2:1 64x32 Media PubU1hlniLewl2 Vldeoconferendng

HIfCreeolutlon Hlp Res PC DIsplaya 1024 x 168 4:3 64x48 Education
MedIaProduction
Vldeoconferendng

~~2

ClDemucope 102Cx432 2.40:1 84 x.21 Clnemucope

Themlc6 Theatric Ie
leIe¥11ioD 928x812 1.85:1 58xS2 Television

PIImI PDms

DowncoJnterted
1126180 912x512 16:9 87x32 1121/80. 1210150

.1250150 De-Interlace Ie
spatial resample

PhotoCD Ie PAL
" PhotoCD base im:fe;PhotoCD 788XS12 1.5:1 48x32 full horizontal P. .., PAL

afcerture with an
1 % vertical crop

Standard
4:3 4Ox30 Basic PC Display

ResoludoD 840 x 480 Full NTSC Aperture
4:3

NTSCVJewabie Pixels
Nil

36x27
10% crop for overscani

eferenc 516 x 432 4:3 fllter~revent flicker
Levell on SC receivers

COPYri~t 1993 •• PCUBED -- Gainesville, FL
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October 15. 1993

To:

Page 1 of 4

Robert Hopkins
Guest of Hotel Intercontinental Fax (90ll) 41 229193838

Robert Sanderson
EastmanK~ Fax 7162538284

From: Wayne BretL Zenith
FAX 708-391·8555 Phone 708-391..8388

Attached Is a note on fbdng a "problem" with Interlaced reception of
progressive materla.l ra.tsed at the interoperabUtty meetings last
week. I am also dlatrlbuting this to the Grand AUlance Format
Spectaltats Group and bye-mall to the hierarchy group.

'"
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October 15. 1993

AyoldaMe of Backwards Compatlblllty Problems In Interlaced Displays for
the Grand Alliance System

Wayne Brett Zenith Electronics

Some of the more vehement support.. of procrealve acan have euggeetecl
that 1f the G.A. system includes an interlaced mode of transmission and
receivers with interlaced display. It will be impoalble to introduce l080P
service with full vertical rClIOluUon. alDce that would cause intolerable
flicker on existing interlaced diaplaya. They argue ~t even the initial 24
aDd 80 Hz film mode. will have to be traDadtted with reduced vertical
reeo1uttOl1 to accommodate the rece1ven with lDterlacee.t display.. and
therefore the target progreu1ve .,stem wWnCYel" be achievec1.

On the other hand. lIOIDe fervent aupp0rter8 oI1nterJace staunchly bold the
~tion that there i. nothlDg WJ'OGI with blterlacc. that you would Dever
try to lDcreue the vertical detail a1gDJfIcaDtly beyond what I. achSevecl
with preaent Interlaced camera.. that tnterlace w1J1 be 8ufftctent for an
NUOaable appUcatlons. etc.. etc.

Both tbeee argumenta are aupported by... facta. but the oppoetn. campa
an attempting to atretch what 1. true OIl -.ch alde to exclude the other".
po81UOn. .

The facta are that for DIIUI,. picturea. tile Jeftl ot VWUca1 cletaO ach1evod
with lDter1ace Is adequate, without ea• .ave utlfacta. The facta a1ao are
that for man,. oth.. picture.. the achleftmeDt of the full detail~ble
with 1080 progreulve would. caue 1Dtolerab1e fUcker on a 1080 1Dtedacecl
dJaplay.

Fortuu.te1,.. the OA ayatem allowa -mple "D8 of preventlD& exceu!ve
aliaalftg tn lDterlaced diapta,.. both In the tatUa1 modes of tranamtaalon
and in the target l080P mode.

There are four caUl of 10ao Intorlaced dt.plaY to consider;

.11 720 progressive tranmntsIlon (any frame rate)

There will be some Interlace artifacts produced In a 10801 display which is
converted from a 720P transmlulon. Their eeverlty will be reduced by the
fad that the 720P source has about the same vertical resolution that Is
appropriate for display in 1080L (10801 has a lower "Kell factor" than
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720P. but a higher line count to make up for it-) Therefore. this case is not
a particular problem.

2) 1080 interlaced 160 ficlds per second transmigion
This la the native format fOf the 10801 display, and as Sony et. at correctly
state. the 1080 interlaced ea.mera will be adjusted to give pleasing pictures
without exceulve arUfact& That th1. involves a trade-off of fesolution
and artifacts should be undisputed.; that 1. why the ultimate goal 1. 1080P.
Therefore. this case Is not a problem.

811080 pro.rMelye tranem"'(OQ .t 24 or 30 frames per second

Here a problem oocura. If the vertical detatlla boosted to a level which
takee full advantage of 1080-Une prOgreAlve display.. e.a.. computer
graphics which contaiD alDC1e-1SIle-he1ght horizontal Uncs. or natural
aeene8 which are captured by a non-line-pairing pickup device (fiylng spot
te1eclne). The solution la to IDclude a filter in the Inter1&eed receiver for
vertical depea1dng (TV tenDiDology) or antS·aUaaing (computer
tennfnology). wh1ch 1& acUvatcd only upon the recepUOD of progreafve
traruun........ and operatea OIl the complete (raIM of video before
outputting the picture bllrlterJacecl fields to the display. Tbla roter
reduces the high freq1JClllClea which cause interlace artU'acta. The result i.
that deta11a whSch aIR OIl aa1)' 0Ile 11De of the progr.ulve eouroc (and
therefore oa1y OIle fte1d of the IDterJaoed dlapla,) are verticaUr ameue4 eo
.e to appear Cat l-..t parUaIly) in both (felda. The circuitry to accompUfiJh
We already extste In the Q.A. receiver. to convert 120P to thelDterlaced
dtep1ay. Some fJ1cbr' ma, rematn afta' fUtertna: th1It8 a normal trade-off
for reaolutlon 1D an Interlaced di8p1a7. The uaable reeoluUon wU1 be
slmlJar to that produced in 720P dlaplayl, which alao must fUteI' to convert
from 1080P tranam'88lone.

4) The talSet lOIO ......u trAQamtll1Qn at GQ CrAmM per MQOQd

In this eue. the trauaaUaalon w11l be by mean. of a~ data aU-cam (to
aceommodate backwarcla compatibility) a~d an enhancement data stream
to carry the addttlona1 data required to reconstruct the 1080P 60 frames
per second picture. 11te main chAnn~~an be in anY of the initial G.A.
format.. It gAP then be treated. by the interlaced, receiver al for the
corrgpondlng case above. The particular cases are handled as follows.

4al Main tranamilSion at l080l 60 fields per second

Part of generating the main" signal should include filtering it to make it
suitable for interlace. because it is taking the role of an interlaced camera
for existing receivers (section 2 above). The residual to be transmitted In
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the enhancement channel is the difference between this interlace­
appropriate main image and the l080P Image.

4bl Main transmt§81oo at lQ8QP/24 or 30 {ramp per Second

The malo channel can be transmitted in (ull vertical resolution. becauae in
the Interlaced receiver it will be appropriately treated by the anti·
aUa.lng/depealdng filter (section 3 above). The enhanc.ement c.hannel then
carriea temporal enhancement only.

~) Main transmtu.on at 720P/60 fr8m" pcr MgODd

The 720P main channel can be derived at the aourc:e .a appropriate for
72QP recdvers. and the 10801 display. wID haDd1e it DOrmally (aect1on 1
above). The enhancement data is then atrlctly a apaUa1 enhancement.

Cc>nchlsfon

Simple ftl'tical mtertne In the IDtwlaced reeel... will allow full
iDteropel'abWty of the O.A. ayatem with ftlioua eourcca and cts.pJay.. and
wt11ln 110 wa,. peual1ze or deJa,. the uae or the fuJI c&pabWUea of any of the
format-. 1080pI'~'Yectiaplay. (for tb.OM wbo can affont themJ w11l
cUapJa,. the maxtmum quality attalD&bJe III aD formata from the beCtnntag.
Afttlabdlty of eervIc:ee wt11 be enhaac:ed b7 a Wide chotce of 1nteropaablc
dtapJa,.. for the end user.

~,
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MASSACHUSETTS INSTITUTE OP TECHNOLOGY
CAMRItIDGE. MASSACHUSETTS 01"9
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AMInmt DIn:dor. UDcoIn LIIboratary

October 15. 1998

FAXTO: (716) 25S-a84

Mr. Robert 1.. SIIDdenIoD.. Cb8Sr
ACATS Expert Review Committee

em InteropembQ1ty
hwt"WD Kod_k Company
1447 st. Paul St.Ieet
Rod1eater. NY 14658-7102

Dear Bob:

I 8bauld like to ....e•• IIlT.OLC~ far tile JoDg-tenD tecbntcw1.
UIIer'. ad producer bel.M8ll1 til JPCC adDptIaa of HDIV 'broacIaIM trlmn"Mkm
.......~_ .,.,...,. yJdeo .m..~. with-auare
pIDlJIIIMemeot. I Weee aa.e belwela will be wItbID tbe lne"'t
ad eatsta'rtIM"t 1DdI,-. IIIId Iarttw tile .owth aDd procIuottvU;r
«our~ aatloNl .......tIaD IDfnIIItnICtuN (IGQ. llarttw beUewi that
U.s. adopUaa of auch ru1ee aDd reauJaUaaa WIll motmlte accel..ted
IDtelDattmeJ adoptlGD fJ6 ......r~ promOuac tAteroperablI1ty•
...dM1d\v --"'*'I tbe pNductMt;rad.........,.".~ our atmu1t1meaUaly
......JDtanattmaJ JDb'n.uon Ifthatructure.

1beJ1ne that ecoaoadc aDd 00.- Ul'1~ '-lied aD the greater nea'­
term avalIabllti;r of more sm.1aced cuneru aDd cBapJaya at lower c:'.Mt than
progreutve ones should be d.tacounted. The point sa that an excluetve
~ transmiuton ataDdard sa completely consistent with use of
SDtaiaced cameru and/or dSapIayB in the early days ofHD1V. Moreover. the
JncraDental costs of any early mterlaced HD1V receIvcra should not 1nere88e
obeervab1yas a result of this progresswe-scan-tranBm1sslon-only policy. I
be11eYe the Improved qua11t.y of d1gltal HD1V W11l be 10 dramatic relative to what
people are accustomed to that any altgbt cWrerences in receptiOn quality as a
result of this policy tssue should be negligible. I beUeve that it would be far


